The available molecular parameters, fundamental frequencies, potential barrier heights, torsional frequencies, and standard enthalpies of formation at 298.15 K for selected bromoethanes and iodoethane containing one symmetric-top group have been critically evaluated and recommended values selected. The chemical thermodynamic properties in the ideal gas state at one atmosphere pressure using the rigid-iotor harmonic-oscillator approximation have been calculated for CH3CH 2Br, CH3CHBr2, CH3CBr3, C2Br6, and CH3CH2I. The internal rotational c.ontributions have been obtained from the partition function formed by the summation of internal rotation energy levels.
Introduction
This work involves the calculation of the ideal gas thermodynamic properties of bromoethanes and iodoethane in which at least one of the groups is a symmetric top. The literature survey complete up t() lY7b revealed that the vibrational frequencies were available for only CH 3 CH 2 Br, CH3CHBr2, CH3CBr3, C2Br6, and CH3CH2I. For these molecules, molecular parameters, potential barrier heights, and standard enthalpies of formation were estimated or derived when experimental values were not available. The procedures for evaluation, selection, and calculation of these values, the physical constants and the atomic weights, are the same as those in references 1 and 2. The enthalpy and Gibbs energy functions of the elements in their reference states, tabulated in p]t were used in the calculation of IJ.l1j, f1Gi, and log Kj for the compounds studied. (Please note that Ir -Hg at 100 K for H2 should be 759.9 cal mol-1 instead of 758.9 cal mol-1 in [l].t , Energy values are given in calories to permit conven ient use of these tables in conjunction with other thermodynamic tables (I cal=4.l84]). imation, at a pressure of one atomosphere (101325 Pa) and at temperatures from 0-1500 K. The internal rotation contribu~ tions to the thermodynamic properties for ear.h compound were calculated by the use of a partition function formed by· the summation of the internal rotation energy levels according to the procedures discussed in reference 3, With our present computer program we could calculate energy levels up to 15000 em-I ,3 
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Bromoethane (CH3CH2Br)
The microwave spectrum has been investigated by Wagner, et a1.
[5] using two isotopic species and by Flanagan and Pierce [6] using ten isotopic species. We have adopted the values of molecular structure (table I) and the moments of inertia obtained using the rotational constants of Flanagan and Pierce as they appear more reliable. Using their values of molecular parameters the reduced moments of intertia, I r , have been calculated (table 2).· Also, the moments calculated from the adopted structural parameters are reported in table 2 for comparison. For other references on the molecular parameters one is referred to reference [7] . Shimanouchi [8] has critically reviewed the infrared and Raman spectral data for bromoethane and assigned a com· plete set of vibrational frequencies. Since then some additional work has been carried out by other inve~tigators.
Winther and Hummel [9] observed the combination band of the methyl torsion and the CH stretching frequencies of bromo ethane in the infrared spectrum for the gaseous state and determined the CH stretching frequencies and the number of combination levels of the methyl group torsion. They They used the structural data of Flanagan and Pierce in their calculations. We have adopted an average of these above two values, namely, 3.70 kcal mol-1 in our calculations. This value corresponds to the torsional frequency vls=249 em-I.
Cox and Pilcher l14] have critically evaluated the heats of reaction [15, 16, 17] for CH 3 CH2Br and recommended MlACH 3 CH 2 Br, g, 298)=-IS.2±O.S kcal mol-'. This value is adopted here. [19] reported for the first time, complete vibrational assignments from the infrared measurements in the gaseous state and the solid state and the Raman spectrum in the liquid and solid states. They carried out the normal coordinate analysis to confirm their assignments. We have adopted their gaseous state frequencies which are given in table 3.
The potential barrier height of 4.26 kcal mol-I was reported by Durig et al. [19] from the torsional frequency (253 em-i) observed in the far infrared regio~. Durig et a1. t20) also reported the value of 4.33 keal mol-1 from the methyl torsional overtones in the Raman spectrum of the gaseous state. A" We have adopted the avelage value of 4.30 kcal mol-I in thi~ work. No experimental M:lA298) is available for this compound. We have adopted the estimated value obtained by the procedure discussed in section 1.2.
The ideal gas thermodynamic properties were calculated using the data given in [23a] studied the infrared spectrum in the gaseous and solid states and found that the shifts between the liquid and gas values were relatively minor. They observed the torsional frequency (304 em-I) only for the solid state. Their vibrational frequencies for the gaseous state are adopted here and are reported in table 3. Recently, Durig et a1. [20] observed the methyl torsional overtone in the Raman spectrum of the gaseous state, 2-0=583 r.m-l ann ~-]=555 cm-J and calculated a barrier height of 5.78 kcal mol-i. We have adopted this value in our calculations. Ratcliffe and Waddington [23b] reported ~ similar value (5.62 kcal mol-I) from the inelastic neutron scattering spectrum of solid CH3CBr3' No experimental ~298) is available for this compound and hence the estimated value discussed in section 1.2 is adopted here.
The ideal gas thermodynamic propertIes were calculated using the data given in table 1, 2, and 3 and are reported in table o.
Hexabromoethane (C 2 Br 6 )
The molecular structure for the solid state is reported in the literature [24, 25] . We have adopted the values reported by Mandel It was difficult to decide the reliability of these two sets of values. We felt that a comparison of the calculated value of the potential barrier with the values implied by these tor-sioIlal freyuency il:::.:::.iguweul:::. wuulJ thruw !:iumt: light UCI the problem. The barrier is sufficiently high that it may be derived from the torsional frequency by a perturbed harmonic oscillator approximation. Hence we appl.ied equation (1),
obtained by the procedure discussed by Allen et al. [28] . In equation (1), V t is the torsional frequency, F(cm-I )=h/8rr 2 c!,.
where It i::. the Planck. constant, (; is the :::.peeJ uf liglll allJ I,. No experimental MlA298) is available for C2Br6' and hence the estimated value as discussed in section 1.2 was adopted.
The ideal gas thermodynamic properties were calculated using the data in tables 1, 2, 3 and are presented in table 7.
The molecular parameters available are those reported by Ka:;uya awl Oka [33] fwm Lheir micruwave IIlea:;ureIIH~nU:i uf a commercial sample of ethyl iodide (iodoethane). They had assumed rcc=1.54 A, rcrl.ll il, and <HCH=llO°. Due to the lack of more accurate data we have adopted Kasuya and Oka '8 values of rotational constants to obtain the moments of inertia, and of molecular parameters to calculate the reduced moment of inertia (table 2) . Hence we adopted V3=3.66 kcal mol-I. Cox and Pilcher [14] have critically evaluated the en" thalpies of reaction [17, 37] for CH3CH21 and recommended AHACH 3 CH2I, g, 298)= -2.0±O.4 kcal mol-I. This value is adopted here.
The ideal gas thermodynamic properties were calculated using data from tables 1, 2, and 3 and are presented in table 8.
Comparison and Reliability
No experimenta1 gaseous heat capacities and third-law entropies are available for any of these compounds. The ideal gas thermodynamic' properties for CH 3 CH2 Br f38, 39, 40L CH3 CBrJ [21], C2Br6 [41] , and CH3 CH2I [39, 40, 42] have been reported earlier. For C2Br6 the earlier values reported were without the internal rotational -contribution. For all these compounds, as we have used the most recent and reliable data in our calculations and the contributions to the internal rotation were obtained using the internal rotation energy levels, we feel our calculated values of the ideal gas thermodynamic properties should be more reliable. The uncertainties in the calculated values due to the uncertainties in the vibrational and torsional frequencies (assumed to be ±5 em-I) have been calculated and reported in table 9.
While using these tables one should keep in mind that for heavy molecules, the contribution due to anharmonicity ef-[ecl:.; are prulJalJly as much as 10% of the contribution of rotation and vibration and are much more significant beyond 1000 K. However, due to the lack of data needed to obtain these ·contributions the anharmonicity effect has bel" neglected in the present work. 
